
(19) *EP003999720B1*
(11) EP 3 999 720 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
26.02.2025 Bulletin 2025/09

(21) Application number: 20747533.6

(22) Date of filing: 05.06.2020

(51) International Patent Classification (IPC):
F01D 11/02 (2006.01) F16J 15/44 (2006.01)

(52) Cooperative Patent Classification (CPC):
F01D 11/025; F16J 15/442

(86) International application number:
PCT/US2020/036228

(87) International publication number:
WO 2021/034370 (25.02.2021 Gazette 2021/08)

(54) NON‑CONTACT SEAL ASSEMBLY IN GAS TURBINE ENGINE
BERÜHRUNGSFREIE DICHTUNGSANORDNUNG IN EINEM GASTURBINENTRIEBWERK

ENSEMBLE JOINT SANS CONTACT DANS UN MOTEUR À TURBINE À GAZ

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 19.08.2019 US 201962888635 P

(43) Date of publication of application:
25.05.2022 Bulletin 2022/21

(73) Proprietor: Siemens Energy Global GmbH & Co.
KG
81739 München (DE)

(72) Inventors:
• PASPULATI, Amit K.

Charlotte, North Carolina 28277 (US)

• CHEHAB, Abdullatif M.
Chuluota, Florida 32766 (US)

• KADAU, Kai
Lake Wylie, South Carolina 29710 (US)

(74) Representative: Isarpatent
Patent‑ und Rechtsanwälte Barth
Charles Hassa Peckmann & Partner mbB
Friedrichstrasse 31
80801 München (DE)

(56) References cited:
EP-A1‑ 3 415 798 WO-A1‑2015/147967
US-A1‑ 2016 109 025

EP
3

99
9

72
0

B
1

Processed by Luminess, 75001 PARIS (FR)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).



2

1 EP 3 999 720 B1 2

Description

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relatesgenerally toanon-contact
seal assembly for sealing a gap between components in
a gas turbine engine.

DESCRIPTION OF THE RELATED ART

[0002] An industrial gas turbine engine typically in-
cludes a compressor section, a turbine section, and a
mid-frame section disposed therebetween. The com-
pressor section includes multiple stages of compressor
rotating blades and stationary vanes and an outlet guide
vane assembly aft of the last stage blade and vane. The
mid-frame section typically includes a compressor exit
diffusor and a combustor assembly. The compressor exit
diffusor diffuses the compressed air from the compressor
section into a plenum through which the compressed air
flows to a combustor assembly which mixes the com-
pressed air with fuel and ignites the mixture and transits
the ignited mixture to the turbine section for mechanical
power. The turbine section includes multiple stages of
turbine rotating blades and stationary vanes.
[0003] Gas turbine engines are becoming larger, more
efficient, and more robust. Large blades and vanes are
being utilized, especially in the hot section of the engine
system. In view of high pressure ratios and high engine
firing temperatures implemented in modern engines,
certain components, such as stationary vanes and rotat-
ing blades, require more efficient cooling to maintain an
adequate component life. Cooling may be accomplished
by extracting a portion of the cooler compressed air from
the compressor and directing it to the turbine section,
thereby bypassing combustors. However, bleeding air
from the compressor may reduce gas turbine engine
performance andefficiency.Cooling airmay leak through
gaps between components in the gas turbine engine.
Thus, there is a need to provide a robust seal assembly to
seal the gaps in the gas turbine engine to reduce cooling
air leakage.
[0004] Suchnon-contact seal assemblies are known in
the particular art, e.g. from US 2016/109025 A1, WO
2015/147967 Al or EP 3 415 798 A1.

SUMMARY OF THE INVENTION

[0005] Briefly described, aspects of the present inven-
tion relate to a non-contact seal assembly configured to
seal a gap between a stator and a rotor rotatable relative
to the stator in a gas turbine engine, amethod for making
a non-contact seal assembly to be used for sealing a gap
betweenastator anda rotor rotatable relative to thestator
in a gas turbine engine, and a gas turbine engine.
[0006] The invention is defined by the independent
claims 1 and 9.
[0007] Various aspects and embodiments of the appli-

cation as described above and hereinafter may not only
be used in the combinations explicitly described, but also
in other combinations. Modifications will occur to the
skilled person upon reading and understanding of the
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Exemplary embodiments of the application are
explained in further detail with respect to the accompa-
nying drawings. In the drawings:

FIG. 1 is a schematic longitudinal section view of a
portion of a gas turbine engine according to an
embodiment of the present invention;

FIG. 2 is a schematic end view of a non-contact seal
assembly according to an embodiment of the pre-
sent invention;

FIG. 3 is a schematic perspective exploded view of a
non-contact seal segment according to an embodi-
ment of the present invention;

FIG. 4 isa schematic assembledendviewof thenon-
contact seal segment as shown in FIG. 3 according
to an embodiment of the present invention;

FIG. 5 is a schematic cross section view of the non-
contact seal assembly taking along a section line 5‑5
in FIG. 4 according to an embodiment of the present
invention;

FIG. 6 is a schematic perspective view of a portion of
a primary seal of a non-contact seal assembly ac-
cording to an embodiment of the present invention;

FIG. 7 is a schematic perspective view of a portion of
a non-contact seal assembly with an aft secondary
seal segment in the maximum radially inward posi-
tion according to an embodiment of the present
invention;

FIG. 8 is a schematic perspective view of a portion of
a non-contact seal assembly with an aft secondary
seal segment in the maximum radially outward posi-
tion according to an embodiment of the present
invention;

FIG. 9 is a schematic perspective view of an aft
secondary seal segment of a non-contact seal as-
sembly according to an embodiment of the present
invention; and

FIG. 10 is a schematic perspective view of a non-
contact seal segmentaccording toanembodiment of
the present invention.
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[0009] To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures.

DETAILED DESCRIPTION OF THE INVENTION

[0010] A detailed description related to aspects of the
present invention is described hereafter with respect to
the accompanying figures.
[0011] For illustration purpose, term "axial" or "axially"
refers to a direction along a longitudinal axis of a gas
turbine engine, term "radial" or "radially" refers to a direc-
tion perpendicular to the longitudinal axis of the gas
turbine engine, term "downstream" or "aft" refers to a
direction along a flow direction, term "upstream" or "for-
ward" refers to a direction against the flow direction.
[0012] FIG. 1 illustrates a schematic longitudinal sec-
tion view of a portion of a gas turbine engine 10. As
illustrated in FIG. 1, the gas turbine engine 10 includes
a plurality of components along a longitudinal axis 18.
The plurality of components may include a compressor
section 100, a turbine section 300 located downstreamof
the compressor section 100 with respect to a flow direc-
tion A, and a mid-frame section 200 that is located there
between. The gas turbine engine 10 also includes an
outer casing 12 that encloses the plurality of compo-
nents. A rotor 14 longitudinally connects the compressor
section 100, the mid-frame section 200 and the turbine
section 300 and is circumferentially enclosed thereby.
The rotor 14 may be partially or fully enclosed by a shaft
cover 16.
[0013] The compressor section 100 includes multiple
stages of compressor rotating blades 111 and compres-
sor stationary vanes112. FIG. 1only shows the last stage
of compressor rotating blade 111 and compressor sta-
tionary vane 112. An outlet guide vane assembly 120 is
arranged downstream of the last stage compressor vane
112. The compressor blades 111 are installed into the
rotor 14. The compressor vanes 112 and the outlet guide
vane assembly 120 are installed into a compressor vane
carrier 113. The compressor vane carrier 113 interfaces
with theouter casing12. The turbine section300 includes
multiple stages of turbine stationary vanes 312 and tur-
bine rotating blades 311. FIG. 1 only shows the first stage
of turbine stationary vane 312 and turbine rotating blade
311. The turbine vanes 312 are installed into a turbine
vane carrier 313. The turbine vane carrier 313 interfaces
with the outer casing 12. The turbine blades 311 are
installed into the rotor 14. The mid-frame section 200
typically includes a combustor assembly 210 and a com-
pressor exit diffuser 220. The compressor exit diffuser
220 is located downstream of the outlet guide vane
assembly 120.
[0014] The compressor exit diffusor 220 typically in-
cludesanouter compressor exit diffusor 221andan inner
compressor exit diffusor 222. The outer compressor exit
diffusor 221 is connected to the inner compressor exit
diffusor 222 by bolting to a strut 223. The inner compres-

sor exit diffusor 222 may enclose the shaft cover 16.
Forward side of the outer compressor exit diffusor 221
interfaces with the outer casing 12. Forward side of the
inner compressor exit diffusor 222 interfaceswith the last
stage compressor vane 112 and the outlet guide vane
assembly 120.
[0015] In operation of the gas turbine engine 10, the
compressor section 100 inducts air via an inlet duct (not
shown). The air is compressed and accelerated in the
compressor section 100 while passing through themulti-
ple stages of compressor rotating blades 111 and com-
pressor stationary vanes 112, as indicated by the flow
direction A. The compressed air passes through the
outlet guide vane assembly 120 and enters the compres-
sor exit diffuser 220. The compressor exit diffuser 200
diffuses the compressed air to the combustor assembly
210. The compressed air is mixed with fuel in the com-
bustor assembly 210. The mixture is ignited and burned
in thecombustorassembly210 to formacombustiongas.
The combustion gas enters the turbine section 300, as
indicated by the flow direction A. The combustion gas is
expanded in the turbine section 300 while passing
through the multiple stages of turbine stationary vanes
312 and turbine rotating blades 311 to generatemechan-
ical power which drives the rotor 14. The rotor 14may be
linked to an electric generator (not shown) to convert the
mechanical power to electrical power. The expanded gas
constitutes exhaust gas and exits the gas turbine engine
10.
[0016] In operation of the gas turbine engine 10, due to
the high temperature of the combustion gas, cooling air is
used to cool the turbine blades 311 and vanes 312 to
maintain an adequate component life. Cooling air may
leak at gaps or clearances between components. Cool-
ing air leakage may negatively affect the performance
and efficiency of the gas turbine engine 10. The gas
turbineengine10may include seals to reduce the cooling
air leakage.
[0017] According to the present invention, the gas
turbine engine 10 includes a non-contact seal assembly
400 to reduce the cooling air leakage at a clearance
between two components of the gas turbine engine 10.
The two componentsmay relatively rotatewith respect to
each other. As shown in the exemplary embodiment of
FIG. 1, the non-contact seal assembly 400 is arranged at
a stator 13, such as the stationary shaft cover 16 or the
stationary inner compressor exit diffusor 222, to reduce
cooling air leakage at a gap 11 between the stator 13 and
the rotating rotor 14. The gap 11 extends in a radial
direction and circumferentially aroundbetween the stator
13 and rotor 14. It is understood that the non-contact seal
400 may be arranged at a rotating component, such as
the rotor 14. As shown in the exemplary embodiment of
FIG. 1, one non-contact seal assembly 400 is arrangedat
a forward side of the stationary shaft cover 16. Another
non-contact seal assembly 400 is arranged at an aft side
of the stationary inner compressor exit diffusor 222. It is
understood that the non-contact seal assembly 400 may
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be arranged at any locations of the gas turbine engine 10
where cooling air leakages may occur.
[0018] FIG. 2 shows a schematic end view of a non-
contact seal assembly 400 according to an embodiment.
As shown in FIG. 2, the non-contact seal assembly 400
includes a plurality of non-contact seal segments 402.
Thenon-contact seal segments 402are circumferentially
arranged to seal agap11between twocomponents in the
gas turbine engine 10. A small gap 404 may exist be-
tween adjacent non-contact seal segments 402. The gap
404 may be used to adapt thermal expansion and/or
tolerance of manufacture and assembly. As shown in
the exemplary embodiment of FIG. 2, the non-contact
seal assembly 400 includes six 60-degree non-contact
seal segments 402. It is understood that the non-contact
seal assembly 400 may include any numbers of non-
contact seal segments 402 to form a circular seal.
[0019] The non-contact seal segment 402 of the non-
contact seal assembly 400 includes a plurality of compo-
nents. FIG. 3 shows a schematic perspective exploded
view of a non-contact seal segment 402 of the non-
contact seal assembly 400 according to an embodiment.
As shown in FIG. 3, the non-contact seal segment 402
includes a seal carrier 410. The seal carrier 410 includes
an outer ring 411, a front plate 412 and a back plate 413.
The front plate 412 and the back plate 413 extend cir-
cumferentially along the outer ring 411 and radially from
two axial ends of the outer ring 411 forming a U-shaped
seal ring carrier 410 (better shown in FIG. 5). The front
plate 412 may have a wave shape to allow for the pas-
sageof air. The front plate 412, thebackplate413and the
outer ring 411may be integrally formed as a single piece.
The front plate 412 and the back plate 413 include a
plurality of circumferentially spaced pin holes 462 for
receiving a plurality of pins 460.
[0020] The non-contact seal segment 402 includes a
primary seal 420. The primary seal 420 includes a seal
base 421 and a seal shoe 422 arranged at an inner radial
side. The seal shoe 422 includes a plurality of circumfer-
entially spaced seal shoe segments 423.A small gap424
may exist between adjacent seal shoe segments 423.
The gap 424 may be used to adapt thermal expansion
and/or tolerance of manufacture and assembly. As
shown in the exemplary embodiment of FIG. 3, the
non-contact seal segment 402 includes four 15-degree
seal shoe segments 423. It is understood that the non-
contact seal segment 402 includes any numbers of seal
shoe segments 423. The non-contact seal segment 402
includes a plurality of circumferentially spaced seal
springs 425. Each seal spring 425 is connected to each
seal shoe segment 423. Each seal spring 425 includes at
least two seal beams426 radially spacedapart fromeach
other (shown in FIG. 6). Slot 427 exist between the seal
beams 426. Slots 427 exist between the seal beams 426
and the seal base 421 and the seal shoe 422.
[0021] In operation of the gas turbine engine 10, aero-
dynamic loads are developed which apply a fluid pres-
sure to the seal shoe 422 causing the seal shoe 422 to

move radially inwardly and outwardly with respect to the
rotor 14. Each seal shoe segment 423 moves indepen-
dently to adjacent seal shoe segments 423. Each seal
spring 425 deflects and moves radially inwardly and
outwardly with each seal shoe segment 423. The radial
movement of the seal shoe 422 with respect to the rotor
14 creates a primary seal reducing cooling air flow
through the gap 11 between the rotor 14 and the stator
13 within a predetermined design clearance. The pre-
determined design clearance between the rotor 14 and
the stator 13 may be less than 0.8 mm due to a pressure
gradient between the forward side pressure zone and the
aft side pressure zone of primary seal 420. The non-
contact seal assembly 400 thus provides sufficient seal-
ing between the rotor 14 and the stator 13. The seal base
421 includes a plurality of circumferentially spaced pin
holes 462 for receiving the plurality of pins 460.
[0022] Referring to FIG. 3, the non-contact seal seg-
ment 402 includes a mid-plate 440 disposed forward to
the primary seal 420. The non-contact seal segment 402
includes an aft secondary seal 452 disposed forward to
the mid-plate 440 and a forward secondary seal 451
disposed forward to the aft secondary seal 452. The
mid-plate 440 and the forward secondary seal 451 in-
clude a plurality of circumferentially spaced pin holes 462
for receiving the plurality of pins 460. For illustration
purpose, only one forward secondary seal 451 is illu-
strated in FIG. 3. It is understood that the non-contact
seal segment 402 may include more than one forward
secondary seals 451 placed side by side in the axial
direction.
[0023] The aft secondary seal 452 includes a plurality
of circumferentially spaced aft secondary seal segments
453. The number of aft secondary seal segments 453
may correspond to the number of seal shoe segments
423. A small gap 454 exists between adjacent aft sec-
ondary seal segments 453. The gap 454 may be used to
adapt thermal expansion and/or tolerance of manufac-
ture and assembly. The gap 454 between adjacent aft
secondary seal segments 453mayalignwith the gap424
between adjacent seal shoe segments 423. Each aft
secondary seal segment 442 aligns with and is attached
to each seal shoe segment 422. As shown in the ex-
emplary embodiment of FIG. 3, the aft secondary seal
452 includes four 15-degree aft secondary seal seg-
ments 453. Each aft secondary seal segment 453 in-
cludes at least a notch 455 at outer radial side. Circum-
ferential locations of the notches 455 correspond to
circumferential locations of the pin holes 462.
[0024] In operation of the gas turbine engine 10, each
aft secondary seal segment 453 moves radially inwardly
and outwardly with each seal shoe segment 423 inde-
pendently to adjacent aft secondary seal segments 453
in response to the application of fluid pressure as noted
above. The aft secondary seal 452 thus creates a sec-
ondary seal reducing cooling air flow through slots 427
between the seal beams 426 and between the seal
beams 426 and the seal base 421 and the seal shoe
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422 of the primary seal 420. The aft secondary seal 452
seals the slots 427 in the primary seal 420 and separates
the forward side high pressure zone from the aft side low
pressure zone of the primary seal 420 while undergoing
constant motion along with the seal shoe 422. The pres-
sure gradient between the forward side pressure zone
and the aft side pressure zone of the primary seal 420 is
thus maintained which allows the primary seal 420 self-
adjusting its positioning and creating the primary seal in
the gap 11 between the rotor 14 and the stator 13 within
the predetermined design clearance during operation of
the gas turbine engine 10.
[0025] FIG. 4 shows a schematic assembled end view
of the non-contact seal segment 402 of the non-contact
seal assembly 400. As illustrated in the exemplary em-
bodiment of FIG. 4, components of the non-contact seal
assembly 400 including the forward secondary seal 451,
the aft secondary seal 452, the mid-plate 440, and the
primary seal 420 are assembled to the seal carrier 410
into theU-shapebetween the front plate412and theback
plate 413. The plurality of pins 460 extend axially passing
through the pin holes 462 to hold the components to-
gether to the seal carrier 410 between the front plate 412
and the back plate 413.
[0026] FIG. 5 shows a schematic cross section view of
the non-contact seal assembly 400 looking along 5‑5 of
the non-contact seal segment 402 in FIG. 4. As shown in
FIG. 5, the non-contact seal assembly 400 ismounted on
astator 13of thegas turbineengine10.Thestator 13may
be the shaft cover 16or the inner compressor exit diffusor
222. The non-contact seal assembly 400 is used to
reduce cooling air leakage at a gap 11 between the stator
13 and the rotating rotor 14. As shown in FIG. 5, the
primary seal 420, the mid-plate 440, the aft secondary
seal 452, and the forward secondary seal 451 are as-
sembled into the U-shaped seal carrier 410 between the
front plate 412 and the back plate 413. The seal shoe 422
of the primary seal 420 is located at a non-contact loca-
tion along theexterior surfaceof the rotor 14. The forward
secondary seal 451, the mid-plate 440 and the primary
seal 420areheld together to the seal carrier 410between
the front plate 412 and the back plate 413 by the pin 460.
The aft secondary seal 452 is attached to the seal shoe
422 of the primary seal 420. The aft secondary seal 452
maybeattached to the seal shoe422bywelding, suchas
laser welding. The aft secondary seal 452 may be at-
tached to the seal shoe 422 by any other techniques
known in the industries, such as caulking, brazing, etc.
[0027] As shown in the exemplary embodiment of FIG.
5, the forward secondary seal 451 is positioned more
radially outwardly by the pin 460 than the aft secondary
seal 452 attached to the seal shoe 422. The forward
secondary seal 451 at least partially overlap the aft
secondary seal 452 in the radial direction to partially
cover the gaps 454 between the aft secondary seal
segments 453. The aft secondary seal 452 may thus
provide sufficient sealing and separation of the forward
side high pressure zone from the aft side low pressure

zone of the primary seal 420when the aft secondary seal
452moves radially inwardly and outwardly alongwith the
seal shoe 420. Such arrangement may thus eliminate
using spring members for pre-loading the secondary
seals 451 and 452 to the primary seal 420. Spring mem-
bers, such as whiskers, for pre-loading the secondary
seals 451 and 452 to the primary seal 420 tend to crack
under constant high cycle fatigue loading. By attaching
the aft secondary seal 452 to the seal shoe 422, the aft
secondary seal 452 does not require spring element for
initial pre-loading and reduces risk of high cycle fatigue
failures.
[0028] FIG. 6 shows a schematic perspective view of a
portion of the primary seal 420 of the non-contact seal
assembly 400. As shown in FIG. 6, the primary seal 420
includes a seal base 421, a seal shoe segment 423 and a
seal spring 425. The seal spring 425 includes at least one
seal beam 426. In the exemplary embodiment shown in
FIG. 6, the seal spring 425 includes two seal beams 426
radially spaced apart from each other. The seal beams
426 are formed by cutting out a plurality of slots 427 from
the seal base 421, for example, slots 427 between the
seal beams426andbetween theseal beams426and the
seal base 421 and the seal shoe segment 423. One end
of the seal beams 426 is mounted to or integrally formed
with the seal base 421. The other end of the seal beams
426 is mounted to or integrally formed with a seal strip
428. The seal strip 428 extends radially downwardly and
is mounted or integrally formed with the seal shoe seg-
ment 423. The seal shoe segment 423 includes two seal
stops 430 located at two circumferential ends. Each seal
stop 430 includes a stop leg 431 and a stop arm 432. The
seal base 421 has a recess 433 to receive the stop arm
432. The recess 433 includes an inner shoulder 434 and
an outer shoulder 435. Gap 436 exists between the stop
arm 432 and the inner shoulder 434. Gap 437 exists
between the stop arm 432 and the outer shoulder 435.
[0029] Referring to FIGs. 5 and 6, in operation of the
gas turbine engine 10, aerodynamic loads are developed
which apply a fluid pressure to each seal shoe segment
423 of the seal shoe 422 causing the seal shoe segment
423 to move radially inwardly and outwardly with respect
to the rotor 14, as indicated by the dual arrows. The seal
beams 426 of the seal spring 425 deflect and move with
the seal shoe 422 to create a primary seal of the gap 11
between the rotor 14 and the stator 13 within a prede-
termined design tolerance.
[0030] The seal stops 430 define the maximum extent
of the radially inward and outward movement of the seal
shoe segment 423 with respect to the rotor 14 for safety
and operational consideration. The radial inward move-
ment of the seal shoe segment 423 is limited by engage-
ment of the stop arm432with the inner shoulder 434 thus
closing the gap 436 between the stop arm 432 and the
inner shoulder 434, as illustrated in FIG. 7. The radial
inwardmovement limitation of the seal shoe 422 reduces
the likelihood of contact between the seal shoe 422 and
the rotor 14 or exceeding the predetermined design
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tolerance for the gap 11 between the rotor 14 and the
stator 13. The radial outward movement of the seal shoe
segment 423 is limited by engagement of the stop arm
432 with the outer shoulder 435 thus closing the gap 437
between the stop arm432 and the outer shoulder 435, as
illustrated in FIG. 8.
[0031] Each aft secondary seal segment 453 of the aft
secondary seal 452 includes at least a notch 455 at the
outer radial side to accommodate the radialmovement of
each seal shoe segment 423. As shown in the exemplary
embodiments of FIGs. 7 and 8, the notch 455 of the aft
secondary seal segment 453 is cut downwardly from the
outer radial side of the aft secondary seal segment 453. A
circumneutral location of the notch 455 may correspond
to a circumferential location of the pin 460 after as-
sembled into the pin hole 462. As shown in FIG. 8, the
notch 455 receives the pin 460 when the seal shoe
segment 423 moves to the maximum radially outward
location to accommodate the radialmovement of the seal
shoe segment 423. The notch 455 may thus reduce the
risk of failure of the aft secondary seal 452 due to the
radial movement of the seal shoe segment 423 in opera-
tion of the gas turbine engine 10.
[0032] Thenotch 455mayhave any types of shape. As
shown in FIGs. 7 and 8, the notch 455 has an arc shape.
As shown in an exemplary embodiment of FIG. 9, the aft
secondary seal segment 453 has a U-shaped notch 455.
Dimension of the notch 455 is larger than dimension of
thepin 460 toallow relativemovement between thenotch
455 and the pin 460 and manufacture and assembly
tolerance.
[0033] FIG. 10 illustrates a schematic perspective view
of a non-contact seal segment 402 of a non-contact seal
assembly 400. As illustrated in the exemplary embodi-
ment of FIG. 10, the non-contact seal segment 402
includes a primary seal 420 andamid-plate 440 attached
to the primary seal 420. The primary seal 420 includes a
seal shoe 422 including four seal shoe segments 423.
The non-contact seal segment 402 includes an aft sec-
ondary seal 452 attached to the seal shoe 422. The aft
secondary seal 422 includes four aft secondary seal
segments 423. Each aft secondary seal segment 423
aligns with each seal shoe segment 423 and is attached
to each seal shoe segment 423. Circumferential dimen-
sion of each aft secondary seal segment 453 corre-
sponds to circumferential dimension of each seal shoe
segment 423. Gaps 424 between adjacent seal shoe
segments 423 aligns with gaps 454 between adjacent
aft secondary seal segments 453. Each aft secondary
seal segment 453 includes at least a notch 455 at the
outer radial side. As show in FIG. 10, each seal shoe
segment 423 moves radially independently to adjacent
seal shoe segments 423 in response to an aerodynamic
load. Each aft secondary seal segment 453 moves ra-
dially independently to adjacent aft secondary seal seg-
ments 453 along with the seal shoe segment 423. The
notch 455 receives the pin 460 when the seal shoe
segment 423 moves to the maximum radially outward

position to accommodate the radial outward movement
of the seal shoe segment 423.
[0034] Thenon-contact seal segment402maybea60-
degree segment. The primary seal 420 of each non-
contact seal segment 402 may include four 15-degree
seal shoe segments 423. The aft secondary seal 422 of
each non-contact seal segment 402may include four 15-
degree aft secondary seal segments 423. The non-con-
tact seal assembly 400 may include six 60-degree non-
contact seal segments 402.
[0035] According to an embodiment, material may be
applied to regions of the non-contact seal assembly 400
that are prone to fatigue failure to improve mechanical
properties of the non-contact seal assembly 400 against
fatigue failure in operation of the gas turbine engine 10.
Such regions include sliding surfacesof components that
move relatively to each other in operation of the gas
turbine engine 10. Material may be applied as bulk ma-
terial to at least one of the relatively moving components
inadesired concentrationduringmanufacturingprocess.
Alternatively, material may be applied as a coating layer
to at least one adjacent sliding surface of the relatively
moving components. The material may include carbon
structures (for example, carbon nanotubes, graphene,
fullerene, etc.), ceramic, or any types of high strength
materials known in the industrial. The material may be
applied to the components or the adjacent sliding surface
by additivemanufacturing, laser injection, or any types of
techniques known in the industrial.
[0036] Referring to FIG. 5, the aft secondary seal 452
moves radially relative to the mid-plate 440 and the
forwardsecondaryseal 451.Thematerialmaybeapplied
as bulk material to the aft secondary seal 452, and/or to
the mid-plate 440, and/or to the forward secondary seal
451. The material may be applied as a coating layer 406
to at least one adjacent surface between the aft second-
ary seal 452 and the mid-plate 440. The material may
also be applied as a coating layer 406 to at least one
adjacent surfacebetween theaft secondary seal 452and
the forward secondary seal 451. As illustrated in the
exemplary embodiment of FIG. 5, the coating layer
406 is applied to a surface of the aft secondary seal
452 facing to the mid-plate 440 and a surface of the
mid-plate 440 facing to the aft secondary seal 452.
The coating layer 406 is applied to a surface of the aft
secondary seal 452 facing to the forward secondary seal
451 and a surface of the forward secondary seal 451
facing to the aft secondary seal 452. It is understood that
the coating layer 406 may be applied to one adjacent
surface between the aft secondary seal 452 and themid-
plate 440 and/or one adjacent surface between the aft
secondary seal 452 and the forward secondary seal 451.
The coating layer 406 may be applied to the adjacent
surface to a radial extent that covers themaximum radial
movement in operation of the gas turbine engine 10. The
coating layer 406 may also be applied to the entire radial
length of the adjacent surface. As shown in FIG. 5, the
coating layer 406 is applied to the entire radial length of
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the surface of the aft secondary seal 452. The coating
layers 406 are applied to the surfaces of the mid-plate
440 and the forward secondary seal 451 up to radial
position of the pin 460.
[0037] According to an aspect, the proposed non-con-
tact seal assembly 400 provides a robust non-contact
seal assembly 400 in a gas turbine engine 10. The
proposed non-contact seal assembly 400 segments
the seal shoe 422 and the aft secondary seal 452. Each
aft secondary seal segment 453 is attached to each seal
shoe segment 423. The proposed non-contact seal as-
sembly 400 thus eliminates spring elements for pre-load-
ing the secondary seals 452. The proposed non-contact
seal assembly 400 may withstand infinite high cycle
fatigue loading.
[0038] According to an aspect, the proposed non-con-
tact seal assembly 400 allows each aft secondary seal
segments 453 moves radially independently along with
each seal shoe segments 423 in response to the aero-
dynamic loads. Each aft secondary seal segment 453
provides an independent secondary sealing and sepa-
rates the forward high pressure zone from the aft low
pressure zone of the primary seal 420 while undergoing
constant radial movements along with the seal shoe
segments 423.
[0039] According to anaspect, eachaft secondary seal
segment 453 includes at least one notch 455 at the outer
radial side. The notch 455 may receive the pin 460 when
the seal shoe segment 423 moves to the maximum
radially outwardposition to accommodate the large radial
movement of the seal shoe segment 423 in operation of
the large gas turbine engine 10.
[0040] Althoughvariousembodiments that incorporate
the teachings of the present invention have been shown
and described in detail herein, those skilled in the art can
readily devise many other varied embodiments that still
incorporate these teachings. The invention is not limited
in its application to the exemplary embodiment details of
construction and the arrangement of components set
forth in the description or illustrated in the drawings,
but is exclusively defined by the appended claims.
[0041] The invention is capable of other embodiments
and of being practiced or of being carried out in various
ways. Also, it is to be understood that the phraseology
and terminology used herein is for the purpose of de-
scription and should not be regarded as limiting. The use
of "including," "comprising," or "having" and variations
thereof herein is meant to encompass the items listed
thereafter and equivalents thereof as well as additional
items. Unless specified or limited otherwise, the terms
"mounted," "connected," "supported," and "coupled" and
variations thereof are used broadly and encompass di-
rect and indirect mountings, connections, supports, and
couplings. Further, "connected" and "coupled" are not
restricted to physical or mechanical connections or cou-
plings.

Reference List:

[0042]

10: Gas Turbine Engine
11: Gap between Stator and Rotor
12: Outer Casing
13: Stator
14: Rotor
16: Shaft Cover
18: Longitudinal Axis
100: Compressor Section
111: Compressor Blade
112: Compressor Vane
113: Compressor Vane Carrier
120: Outlet Guide Vane Assembly
200: Mid-Frame Section
210: Combustor Assembly
220: Compressor Exit Diffusor
221: Outer Compressor Exit Diffusor
222: Inner Compressor Exit Diffusor
223: Strut
300: Turbine Section
311: Turbine Blade
312: Turbine Vane
313: Turbine Vane Carrier
400: Non-contact Seal Assembly
402: Non-contact Seal Segment
404: Gap between Seal segments
406: Coating Layer
410: Seal Carrier
411: Outer Ring of Seal Carrier
412: Front Plate of Seal Carrier
413: Back Pate of Seal Carrier
420: Primary Seal
421: Primary Seal Base
422: Seal Shoe
423: Seal Shoe Segment
424: Gap between Seal Shoe Segments
425: Seal Spring
426: Seal Beam
427: Slot on Primary Seal Base
428: Seal Strip
430: Seal Stop
431: Stop Leg
432: Stop Arm
433: Recess of Primary Seal Base
434: Inner Shoulder
435: Outer Shoulder
436: Gap between Seal Arm to Inner Shoulder
437: Gap between Seal Arm to Outer Shoulder
440: Mid-Plate
451: Forward Secondary Seal
452: Aft Secondary Seal
453: Aft Secondary Seal Segment
454: Gap between Aft Secondary Seal Segments
455: Notch on Aft Secondary Seal
460: Pin
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462: Pin Hole

Claims

1. A non-contact seal assembly (400) for a gas turbine
engine (10), the non-contact seal assembly (400)
being configured to seal a gap (11) between a stator
(13) and a rotor (14) rotatable relative to the stator
(13) of the gas turbine engine (10) comprising:

a primary seal (420) comprising a seal shoe
(422), wherein the seal shoe (422) comprises
a plurality of seal shoe segments (423) circum-
ferentially spaced apart from each other, and
wherein each seal shoe segment (423) is con-
figured to be movable in a radial direction;
a mid-plate (440) disposed forward to the pri-
mary seal (420);
an aft secondary seal (452) disposed forward to
the mid-plate (440), wherein the aft secondary
seal (452) comprises a plurality of aft secondary
seal segments (453) circumferentially spaced
apart from each other, and wherein each aft
secondary seal segment (453) is attached to
each seal shoe segment (423) and is configured
to be movable in the radial direction along with
each seal shoe segment (423), wherein in op-
eration each aft secondary seal segment (453)
moves radially inwardly and outwardlywith each
seal show segment (423) independently to ad-
jacent aft secondary seal segments (453);
a forward secondary seal (451) disposed for-
ward to the aft secondary seal (452);
a seal carrier (410) comprising an outer ring
(411) and a front plate (412) and a back plate
(413), wherein the front plate (412) and the back
plate (413) extend circumferentially along the
outer ring (411) and radially from two axial sides
of the outer ring (411) forming a U-shape, and
wherein the primary seal (420), the mid-plate
(440), the aft secondary seal (452) and the for-
ward secondary seal (451) are assembled in the
U-shape; and
a pin (460) to hold the primary seal (420), the
mid-plate (440), and the forward secondary seal
(451) to the seal carrier (410) between the front
plate (412) and the back plate (413)., wherein
each aft secondary seal segment (453) com-
prises at least a notch (455) at an outer radial
side, and wherein the notch (455) is configured
to receive the pin (460) for accommodating a
radial movement of each seal shoe segment
(423).

2. The non-contact seal assembly (400) as claimed in
claim 1, wherein the notch (455) comprises an arc
shape.

3. The non-contact seal assembly (400) as claimed in
claim 1, wherein the notch (455) comprises a U-
shape.

4. The non-contact seal assembly (400) as claimed in
claim 1, wherein the forward secondary seal (451) is
positioned at least partially overlapping the aft sec-
ondary seal (452) in the radial direction.

5. The non-contact seal assembly (400) as claimed in
claim 1, wherein an adjacent surface between each
aft secondary seal segment (453) and the mid-plate
(440) comprises a coating layer (406).

6. The non-contact seal assembly (400) as claimed in
claim 1, wherein an adjacent surface between each
aft secondary seal segment (453) and the forward
secondary comprises a coating layer (406).

7. The non-contact seal assembly (400) as claimed in
claim 1, further comprising a plurality of non-contact
seal segments (402).

8. A gas turbine engine comprising:

a stator (13);
a rotor (14) rotatable relative to the stator (13);
and
a non-contact seal assembly (400) as claimed in
one of the claims 1‑7, the non-contact seal as-
sembly (400) arranged between the stator (13)
and the rotor (14) configured to seal a gap (11)
between the stator (13) and the rotor (14).

9. A method for making a non-contact seal assembly
(400) to be used for sealing a gap between a stator
(13) and a rotor (14) rotatable relative to the stator
(13) in a gas turbine engine comprising:

providing a primary seal (420) comprising a seal
shoe (422), wherein the seal shoe (422) com-
prises a plurality of seal shoe segments (423)
circumferentially spaced apart from each other,
and wherein each seal shoe segment (423) is
configured to be movable in a radial direction;
disposing a mid-plate (440) forward to the pri-
mary seal (420);
disposing an aft secondary seal (452) forward to
the mid-plate (440), wherein the aft secondary
seal (452) comprises a plurality of aft secondary
seal segments (453) circumferentially spaced
apart from each other, and wherein each aft
secondary seal segment (453) is attached to
each seal shoe segment (423) and is configured
to be movable in the radial direction along with
each seal shoe segment (423), wherein in op-
eration each aft secondary seal segment (453)
moves radially inwardly and outwardlywith each
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seal show segment (423) independently to ad-
jacent aft secondary seal segments (453);
disposing a forward secondary seal (451) for-
ward to the aft secondary seal (452);
providing a seal carrier (410) comprising an out-
er ring (411) and a front plate (412) and a back
plate (413), wherein the front plate (412) and the
back plate (413) extend circumferentially along
the outer ring (411) and radially from two axial
sides of the outer ring (411) forming a U-shape,
and wherein the primary seal (420), the mid-
plate (440), the aft secondary seal (452) and
the forwardsecondaryseal (451)areassembled
in the U-shape;
holding the primary seal (420), the mid-plate
(440), and the forward secondary seal (451) to
the seal carrier (410) between the front plate
(412) and the back plate (413) by a pin (460);
and
providing at least a notch (455) at an outer radial
side of each aft secondary seal segment (453),
wherein the notch (455) is configured to receive
the pin (460) for accommodating a radial move-
ment of each seal shoe segment (423).

10. Themethodas claimed in claim9, further comprising
positioning the forward secondary seal (451) at least
partially overlapping the aft secondary seal (452) in
the radial direction.

11. Themethodas claimed in claim9, further comprising
applying a coating layer (406) to an adjacent surface
between each aft secondary seal segment (453) and
the mid-plate (440).

12. Themethodas claimed in claim9, further comprising
applying a coating layer (406) to an adjacent surface
between each aft secondary seal segment (453) and
the forward secondary seal (451).

13. Themethodas claimed in claim9, further comprising
segmenting the non-contact seal assembly (400) to
a plurality of non-contact seal segments (402).

Patentansprüche

1. Berührungsfreie Dichtungsanordnung (400) für ein
Gasturbinentriebwerk (10), wobei die berührungs-
freie Dichtungsanordnung (400) dazu ausgelegt ist,
einen Spalt (11) zwischen einem Stator (13) und
einem Rotor (14), der relativ zu dem Stator (13)
des Gasturbinentriebwerks (10) drehbar ist, abzu-
dichten, umfassend:

einePrimärdichtung (420), die einenDichtungs-
schuh (422) umfasst, wobei der Dichtungs-
schuh (422) eine Vielzahl von Dichtungsschuh-

segmenten (423) umfasst, die in Umfangsrich-
tung voneinander beabstandet sind, und wobei
jedes Dichtungsschuhsegment (423) dazu aus-
gelegt ist, in einer radialen Richtung bewegbar
zu sein;
eine Mittelplatte (440), die vor der Primärdich-
tung (420) angeordnet ist;
eine hintere Sekundärdichtung (452), die vor
der Mittelplatte (440) angeordnet ist, wobei die
hintere Sekundärdichtung (452) eine Vielzahl
von hinteren Sekundärdichtungssegmenten
(453) umfasst, die in Umfangsrichtung vonei-
nander beabstandet sind, und wobei jedes hin-
tere Sekundärdichtungssegment (453) an je-
dem Dichtungsschuhsegment (423) ange-
bracht und dazu ausgelegt ist, in der radialen
Richtung zusammen mit jedem Dichtungs-
schuhsegment (423) bewegbar zu sein, wobei
sich im Betrieb jedes hintere Sekundärdich-
tungssegment (453) radial nach innen und au-
ßen bewegt, wobei jedes Dichtungsanzeige-
segment (423) unabhängig zu angrenzenden
hinteren Sekundärdichtungssegmenten (453)
weist;
eine vordere Sekundärdichtung (451), die vor
der hinteren Sekundärdichtung (452) angeord-
net ist;
einen Dichtungsträger (410), der einen Außen-
ring (411) und eine Frontplatte (412) und eine
Rückplatte (413) umfasst, wobei sich die Front-
platte (412) und die Rückplatte (413) in Um-
fangsrichtung entlang des Außenrings (411)
und radial von zwei axialen Seiten des Außen-
rings (411) erstrecken, die eine U-Form bilden,
und wobei die Primärdichtung (420), die Mittel-
platte (440), die hintereSekundärdichtung (452)
und die vordere Sekundärdichtung (451) in der
U-Form zusammengefügt sind; und
einen Stift (460) zumHalten der Primärdichtung
(420), der Mittelplatte (440) und der vorderen
Sekundärdichtung (451) an dem Dichtungsträ-
ger (410) zwischenderFrontplatte (412) undder
Rückplatte (413), wobei jedes hintere Sekun-
därdichtungssegment (453) mindestens eine
Kerbe (455) an einer äußeren radialen Seite
umfasst und wobei die Kerbe (455) dazu aus-
gelegt ist, den Stift (460) zum Aufnehmen einer
radialen Bewegung jedes Dichtungsschuhseg-
ments (423) zu empfangen.

2. Berührungsfreie Dichtungsanordnung (400) nach
Anspruch 1, wobei die Kerbe (455) eine Bogenform
umfasst.

3. Berührungsfreie Dichtungsanordnung (400) nach
Anspruch 1, wobei die Kerbe (455) eine U-Form
umfasst.
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4. Berührungsfreie Dichtungsanordnung (400) nach
Anspruch 1, wobei die vordere Sekundärdichtung
(451) so positioniert ist, dass sie die hintere Sekun-
därdichtung (452) in der radialen Richtung zumin-
dest teilweise überlappt.

5. Berührungsfreie Dichtungsanordnung (400) nach
Anspruch 1, wobei eine angrenzende Fläche zwi-
schen jedem hinteren Sekundärdichtungssegment
(453) und der Mittelplatte (440) eine Beschichtung
(406) umfasst.

6. Berührungsfreie Dichtungsanordnung (400) nach
Anspruch 1, wobei eine angrenzende Fläche zwi-
schen jedem hinteren Sekundärdichtungssegment
(453) undder vorderenSekundär eineBeschichtung
(406) umfasst.

7. Berührungsfreie Dichtungsanordnung (400) nach
Anspruch 1, ferner umfassend eine Vielzahl von
berührungsfreien Dichtungssegmenten (402).

8. Gasturbinentriebwerk, umfassend:

einen Stator (13);
einen Rotor (14), der relativ zu dem Stator (13)
drehbar ist; und
berührungsfreie Dichtungsanordnung (400)
nach einem der Ansprüche 1‑7, wobei die be-
rührungsfreie Dichtungsanordnung (400), die
zwischen dem Stator (13) und dem Rotor (14)
angeordnet ist, dazu ausgelegt ist, einen Spalt
(11) zwischen dem Stator (13) und dem Rotor
(14) abzudichten.

9. Verfahren zum Herstellen einer berührungsfreien
Dichtungsanordnung (400), die zum Abdichten ei-
nes Spalts zwischen einem Stator (13) und einem
Rotor (14) zuverwenden ist, der relativ zudemStator
(13) in einem Gasturbinentriebwerk drehbar ist, um-
fassend:

Bereitstellen einer Primärdichtung (420), die
einen Dichtungsschuh (422) umfasst, wobei
der Dichtungsschuh (422) eine Vielzahl von
Dichtungsschuhsegmenten (423) umfasst, die
in Umfangsrichtung voneinander beabstandet
sind, und wobei jedes Dichtungsschuhsegment
(423) dazu ausgelegt ist, in einer radialen Rich-
tung bewegbar zu sein;
Anordnen einer Mittelplatte (440) vor der Pri-
märdichtung (420); Anordneneiner hinterenSe-
kundärdichtung (452) vor der Mittelplatte (440),
wobei die hintere Sekundärdichtung (452) eine
Vielzahl von hinteren Sekundärdichtungsseg-
menten (453) umfasst, die in Umfangsrichtung
voneinander beabstandet sind, undwobei jedes
hintere Sekundärdichtungssegment (453) an

jedem Dichtungsschuhsegment (423) ange-
bracht und dazu ausgelegt ist, in der radialen
Richtung zusammen mit jedem Dichtungs-
schuhsegment (423) bewegbar zu sein, wobei
sich im Betrieb jedes hintere Sekundärdich-
tungssegment (453) radial nach innen und au-
ßen bewegt, wobei jedes Dichtungsanzeige-
segment (423) unabhängig zu angrenzenden
hinteren Sekundärdichtungssegmenten (453)
weist;
Anordnen einer vorderen Sekundärdichtung
(451) vor der hinteren Sekundärdichtung (452);
Bereitstellen eines Dichtungsträgers (410), der
einen Außenring (411) und eine Frontplatte
(412) und eine Rückplatte (413) umfasst, wobei
sich die Frontplatte (412) und die Rückplatte
(413) in Umfangsrichtung entlang des Außen-
rings (411) und radial von zwei axialen Seiten
des Außenrings (411) erstrecken, die eine U-
Form bilden, und wobei die Primärdichtung
(420), die Mittelplatte (440), die hintere Sekun-
därdichtung (452) und die vordere Sekundär-
dichtung (451) in der U-Form zusammengefügt
sind;
Halten der Primärdichtung (420), der Mittelplat-
te (440) und der vorderen Sekundärdichtung
(451) an dem Dichtungsträger (410) zwischen
der Frontplatte (412) und der Rückplatte (413)
durch einen Stift (460); und
Bereitstellen mindestens einer Kerbe (455) an
einer äußeren radialen Seite jedes hinteren Se-
kundärdichtungssegments (453), wobei die
Kerbe (455) dazu ausgelegt ist, den Stift (460)
zumAufnehmeneiner radialenBewegung jedes
Dichtungsschuhsegments (423) zu empfangen.

10. Verfahren nach Anspruch 9, ferner umfassend Posi-
tionieren der vorderen Sekundärdichtung (451), die
die hintere Sekundärdichtung (452) zumindest teil-
weise überlappt, in der radialen Richtung.

11. Verfahren nach Anspruch 9, ferner umfassend Auf-
bringen einer Beschichtung (406) auf eine angren-
zende Fläche zwischen jedem hinteren Sekundär-
dichtungssegment (453) und der Mittelplatte (440).

12. Verfahren nach Anspruch 9, ferner umfassend Auf-
bringen einer Beschichtung (406) auf eine angren-
zende Fläche zwischen jedem hinteren Sekundär-
dichtungssegment (453) und der vorderen Sekun-
därdichtung (451).

13. Verfahren nach Anspruch 9, ferner umfassend das
Segmentieren der berührungsfreien Dichtungsan-
ordnung (400) in eine Vielzahl von berührungsfreien
Dichtungssegmenten (402).

5

10

15

20

25

30

35

40

45

50

55



11

19 EP 3 999 720 B1 20

Revendications

1. Ensemble joint d’étanchéité sans contact (400) pour
un moteur à turbine à gaz (10), l’ensemble joint
d’étanchéité sans contact (400) étant conçu pour
assurer l’étanchéité au niveau d’un interstice (11)
entre un stator (13) et un rotor (14) rotatif relative-
ment au stator (13) du moteur à turbine à gaz (10),
comprenant :

un joint d’étanchéité principal (420) comprenant
un patin de joint d’étanchéité (422), le patin de
joint d’étanchéité (422) comprenant une plura-
lité de segments de patin de joint d’étanchéité
(423) espacés les uns des autres dans la direc-
tion circonférentielle, et chaque segment de
patin de joint d’étanchéité (423) étant conçu
pour être mobile dans une direction radiale ;
une plaque intermédiaire (440) disposée en
avant du joint d’étanchéité principal (420) ;
un joint d’étanchéité secondaire arrière (452)
disposé en avant de la plaque intermédiaire
(440), le joint d’étanchéité secondaire arrière
(452) comprenant une pluralité de segments
de joint d’étanchéité secondaire arrière (453)
espacés les uns des autres dans la direction
circonférentielle, et chaque segment de joint
d’étanchéité secondaire arrière (453) étant atta-
ché à chaque segment de patin de joint d’étan-
chéité (423) et étant conçu pour être mobile
dans la direction radiale conjointement avec
chaque segment de patin de joint d’étanchéité
(423), chaque segment de joint d’étanchéité
secondaire arrière (453) se déplaçant, lors du
fonctionnement, radialement vers l’intérieur et
l’extérieur avec chaque segment de patin de
joint d’étanchéité (423) indépendamment des
segments de joint d’étanchéité secondaire ar-
rière (453) adjacents ;
un joint d’étanchéité secondaire avant (451)
disposé en avant du joint d’étanchéité secon-
daire arrière (452) ;
un support de joint d’étanchéité (410) compre-
nant une bague extérieure (411) et une plaque
avant (412) et une plaque arrière (413), la
plaque avant (412) et la plaque arrière (413)
s’étendant dans la direction circonférentielle le
long de la bague extérieure (411) et radialement
à partir de deux côtés axiaux de la bague exté-
rieure (411) de façon à définir une forme enU, et
le joint d’étanchéité principal (420), la plaque
intermédiaire (440), le joint d’étanchéité secon-
daire arrière (452) et le joint d’étanchéité secon-
daire avant (451) étant assemblés dans la forme
en U ; et
une cheville (460) servant à retenir le joint d’é-
tanchéité principal (420), la plaque intermé-
diaire (440), et le joint d’étanchéité secondaire

avant (451) sur le support de joint d’étanchéité
(410) entre la plaque avant (412) et la plaque
arrière (413), chaque segment de joint d’étan-
chéité secondaire arrière (453) comprenant au
moins uneéchancrure (455) auniveaud’un côté
radial extérieur, et l’échancrure (455) étant
conçue pour recevoir la cheville (460) pour per-
mettre un déplacement radial de chaque seg-
ment de patin de joint d’étanchéité (423).

2. Ensemble joint d’étanchéité sans contact (400) se-
lon la revendication1,dans lequel l’échancrure (455)
présente une forme arquée.

3. Ensemble joint d’étanchéité sans contact (400) se-
lon la revendication1,dans lequel l’échancrure (455)
présente une forme en U.

4. Ensemble joint d’étanchéité sans contact (400) se-
lon la revendication 1, dans lequel le joint d’étan-
chéité secondaire avant (451) est au moins partiel-
lement superposé au joint d’étanchéité secondaire
arrière (452) dans la direction radiale.

5. Ensemble joint d’étanchéité sans contact (400) se-
lon la revendication 1, dans lequel une surface ad-
jacente entre chaque segment de joint d’étanchéité
secondaire arrière (453) et la plaque intermédiaire
(440) comprend une couche de revêtement (406).

6. Ensemble joint d’étanchéité sans contact (400) se-
lon la revendication 1, dans lequel une surface ad-
jacente entre chaque segment de joint d’étanchéité
secondaire arrière (453) et le secondaire avant
comprend une couche de revêtement (406).

7. Ensemble joint d’étanchéité sans contact (400) se-
lon la revendication 1, comprenant, en outre, une
pluralité de segments de joint d’étanchéité sans
contact (402).

8. Moteur à turbine à gaz comprenant :

un stator (13) ;
un rotor (14) rotatif relativement au stator (13) ;
et
un ensemble joint d’étanchéité sans contact
(400) selon l’une des revendications 1 à 7, l’en-
semble joint d’étanchéité sans contact (400)
étant placé entre le stator (13) et le rotor (14)
et conçu pour assurer l’étanchéité au niveau
d’un interstice (11) entre le stator (13) et le rotor
(14).

9. Procédé de fabrication d’un ensemble joint d’étan-
chéité sans contact (400) destiné à une utilisation
pour assurer l’étanchéité au niveau d’un interstice
entre un stator (13) et un rotor (14) rotatif relative-
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ment au stator (13) dans un moteur à turbine à gaz
comprenant :

préparer un joint d’étanchéité principal (420)
comprenant un patin de joint d’étanchéité
(422), le patin de joint d’étanchéité (422)
comprenant une pluralité de segments de patin
de joint d’étanchéité (423) espacés les uns des
autres dans la direction circonférentielle, et
chaque segment de patin de joint d’étanchéité
(423) étant conçu pour être mobile dans une
direction radiale ;
disposer une plaque intermédiaire (440) en
avant du joint d’étanchéité principal (420) ;
disposerun joint d’étanchéité secondairearrière
(452) en avant de la plaque intermédiaire (440),
le joint d’étanchéité secondaire arrière (452)
comprenant une pluralité de segments de joint
d’étanchéité secondaire arrière (453) espacés
les uns des autres dans la direction circonféren-
tielle, et chaque segment de joint d’étanchéité
secondaire arrière (453) étant attaché à chaque
segment de patin de joint d’étanchéité (423) et
étant conçu pour être mobile dans la direction
radiale conjointement avec chaque segment de
patin de joint d’étanchéité (423), chaque seg-
ment de joint d’étanchéité secondaire arrière
(453) se déplaçant, lors du fonctionnement, ra-
dialement vers l’intérieur et l’extérieur avec
chaque segment de patin de joint d’étanchéité
(423) indépendamment des segments de joint
d’étanchéitésecondairearrière(453)adjacents ;
disposer un joint d’étanchéité secondaire avant
(451) en avant du joint d’étanchéité secondaire
arrière (452) ;
préparer un support de joint d’étanchéité (410)
comprenant une bague extérieure (411) et une
plaque avant (412) et une plaque arrière (413),
la plaque avant (412) et la plaque arrière (413)
s’étendant dans la direction circonférentielle le
long de la bague extérieure (411) et radialement
à partir de deux côtés axiaux de la bague exté-
rieure (411) de façon à définir une forme enU, et
le joint d’étanchéité principal (420), la plaque
intermédiaire (440), le joint d’étanchéité secon-
daire arrière (452) et le joint d’étanchéité secon-
daire avant (451) étant assemblés dans la forme
en U ; et
retenir le joint d’étanchéité principal (420), la
plaque intermédiaire (440), et le joint d’étan-
chéité secondaire avant (451) sur le support
de joint d’étanchéité (410) entre la plaque avant
(412) et la plaque arrière (413) au moyen d’une
cheville (460) ; et
former au moins une échancrure (455) au ni-
veau d’un côté radial extérieur de chaque seg-
ment de joint d’étanchéité secondaire arrière
(453), l’échancrure (455) étant conçue pour re-

cevoir la cheville (460) pour permettre un dé-
placement radial de chaque segment de patin
de joint d’étanchéité (423).

10. Procédé selon la revendication 9, comprenant, en
outre, le fait de placer le joint d’étanchéité secon-
daire avant (451) de sorte qu’il soit au moins partiel-
lement superposé au joint d’étanchéité secondaire
arrière (452) dans la direction radiale.

11. Procédé selon la revendication 9, comprenant, en
outre, le fait d’appliquer une couche de revêtement
(406) à une surface adjacente entre chaque seg-
mentde joint d’étanchéité secondairearrière (453)et
la plaque intermédiaire (440).

12. Procédé selon la revendication 9, comprenant, en
outre, le fait d’appliquer une couche de revêtement
(406) à une surface adjacente entre chaque seg-
mentde joint d’étanchéité secondairearrière (453)et
le joint d’étanchéité secondaire avant (451).

13. Procédé selon la revendication 9, comprenant, en
outre, le fait de segmenter l’ensemble joint d’étan-
chéité sans contact (400) en une pluralité de seg-
ments de joint d’étanchéité sans contact (402).
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